Abstract. The chemical composition of 91 stars in the Sculptor dwarf spheroidal galaxy is presented as determined from spectra taken with the FLAMES multiobject spectrograph in the Medusa mode. The analysis methods are outlined. The [α/Fe] ratios are shown for Mg, Ca, and Ti, and compared with those of Galactic stars. Heavy element abundance ratios (Y, Ba, and Eu) are also presented. Since the Sculptor dwarf galaxy has had a significantly different star formation history and chemical evolution than the Galaxy, then comparison of Sculptor's metalpoor (old) stars to similar metallicity stars in the Galaxy can be used to discuss galaxy formation scenarios, as well as test some of our fundamental assumptions in stellar nucleosynthesis.
Introduction
Simulations of the formation of the Galactic halo (e.g., Font et al. 2005 , Bullock et al. 2002 , Johnston et al. 2002 suggest that the field halo stars originated in small dwarf galaxies that were tidally disrupted and accreted into the halo. These stars should have kinematics with similar phase space, and a coherent chemical evolution related to the star formation history that the dwarf galaxy underwent before merger. Other simulations of the Galactic thick disk also suggest formation through the merger of a dwarf galaxy (though possibly larger than those in the Galactic halo, i.e., LMC-sized, and/or gas-rich dwarfs; e.g., Abadi et al. 2003 , Navarro et al. 2004 , Governato et al. 2004 , Brook et al. 2004 , Helmi et al. 2005 .
A simple test of these formation scenarios is a comparison of the stellar abundances in the Local Group dwarf galaxies. The Local Group dwarfs show a wide range in masses, gas contents, and star formation histories. Analysis of the chemistries of the old, metal-poor stars in these dwarf galaxies should have chemical properties in common with old, metalpoor stars in the Galactic halo and/or thick disk, particularly if merging is continuous until redshifts of z = 1-2.
The nearby dwarf spheroidals and the Magellanic Clouds are the only Local Group dwarf galaxies for which the old, metal-poor stars on the red giant branch are bright enough for high S/N, high resolution spectroscopic analyses. As part of the French GTO program on high resolution abundances in the Sculptor dSph galaxy, we have used the FLAMES multi-object spectrograph at the VLT to observe red giants in the Sculptor dwarf galaxy. 
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Figure 1. Spectral line equivalent widths measured from the FLAMES Medusa-fiber spectra using DAOspec. These values are compared to those measured by Shetrone et al. (2003) using splot in IRAF to measure an integrated area from higher resolution UVES spectra. Solid line is the one-to-one relationship, dotted lines represent ±6 mÅ error, and dashed lines show this minimum error plus a 10% x EQW uncertainty.
Method
VLT/FLAMES observations were made in Medusa mode using 117 fibers placed on stars with I 17.5 over a 25 arcmin diameter field of view. Combined signal-to-noise ratios were 30 which is adequate for a model atmospheres analysis, with the exception of 20 stars which reached to only ∼25. Four wavelength setups that covered ∼20 nm each were selected to optimize the number of iron features and observe the critical α-element and heavy element features. These included HR10, HR13, HR14, and HR15, which have central wavelengths of 548.8, 627.3, 651.5, and 679.7 nm, respectively. The FLAMES data were reduced, extracted and wavelength calibrated using the GIR-BLDRS pipeline provided by the FLAMES consortium (Geneva Observatory, Blecha & Simond 2004) . For velocity and equivalent width measurements, we used DAOspec (Stetson & Pancino 2005) . Because DAOspec is a Gaussian line fitting routine, we have examined the zero point accuracy for both velocity and equivalent width measurements by comparing with independent previous measurements from higher resolution UVES spectroscopy for stars in Sculptor that we deliberately reobserved. In Fig. 1 , we show line equivalent width measurements from DAOspec, which are in fair to good agreement with the UVES measurements. The line measurements are expected to deviate from Gaussian profiles primarily for stronger lines where DAOspec would fail to accurately measure the Doppler broadened line wings, however we do not find a significant offset for our comparison stars, particularly within the DAOspec fitting errors shown by the errorbars in Fig. 1 .
Initial estimates for the effective temperature and gravity are based on (V-I) and (V-K) photometry. Initial temperatures were checked by plotting FeI vs excitation potential; any stars with slope 2σ from the mean was re-examined. Initial (physical) gravity estimates were adjusted such that the same abundance of iron was determined from neutral and Abundances in Sculptor 515 ionized iron line species. Microturbulent velocities were determined by minimizing the slope between FeI line abundances and their equivalent width measurments.
Model atmospheres were taken from the computations of the OSMARCS code (Plez, Brett, & Nordlund 1992 , Edvardsson et al. 1993 , Asplund et al. 1997 . Elemental abundances are from the Spite suite of LTE abundance calculation codes. No corrections have been made to the abundances for non-LTE effects. For the results presented in this proceedings, no hyperfine structure corrections have been applied either.
Results
Elemental abundances for 91 (85 new) stars in the Sculptor dwarf spheroidal galaxy have been determined from the FLAMES/GIRAFFE spectroscopy. In this proceedings, we present results for α-elements (Mg, Ca, Ti) and heavy elements (Y, Ba, and Eu). 
The heavy element ratios
Even though we have not yet applied hyperfine corrections to the YII, BaII, nor EuII elemental abundances (thus the 'n' to the y-axes label in Fig. 3 ), these corrections are typically small in the red giants in this sample, e.g., Shetrone et al.(2003) found hfs corrections 0.2 dex in the UVES spectral analyses. Thus, examination of our preliminary heavy element abundance ratios in Fig. 3 are warranted.
The [Eu/Fe] results from the FLAMES spectroscopic analyses are in very good agreement with the published results from Shetrone et al.(2003) and Geisler et al.(2005) . The [Eu/Fe] ratios in the new stars follow a similar trend as the published UVES results. The slope is similar to that of the [α/Fe] ratios although with much larger scatter. The scatter is most likely due to our analysis, which is limited to only one weak line of EuII and thus subject to uncertainties in the S/N ratios of the spectra and setting of the continuum level. It is clear that the Sculptor [Eu/Fe] ratios do not resemble those of the stars in the Galaxy. In the most metal-poor stars, [Eu/Fe] appears to be higher than the Galactic comparison halo stars, including the Galactic globular cluster comparison stars. Amongst the more metal-rich Sculptor stars, the [Eu/Fe] ratios are clearly lower than the Galactic comparisons (in fact, sub-solar). The similarity in the [Eu/Fe] trend to the [α/Fe] trend strongly suggests a similar nucleosynthetic source. Since europium is known to be primarily formed by the r-process (95% from the r-process in the solar composition, Burris et al. 2000) , which is linked to the massive stars that produce α elements (at least in some models, e.g., Duncan et al. 1986 , Woosley et al. 1994 , then the decreasing trend in [Eu/Fe] and in [α/Fe] is expected since Sculptor has had no significant star formation after the first epoch . The barium and yttrium ratios tell another story. The rise in the [Ba/Fe] ratios in metal-poor stars in the Galaxy is interpreted as evidence for the rise in the s-process contributions to Ba from AGB stars (e.g., Busso et al. 1999 , although Ba can also form through rapid neutron captures). The new [Ba/Fe] results from the FLAMES spectroscopy is exciting because we can see the rise in the s-process in the Sculptor stars now; previously, from only the UVES data, the [Ba/Fe] ratios seemed flat which could lead to different nucleosynthetic interpretations. The [Y/Fe] results are also exciting; even though we have determined YII abundances from over 20 stars in Sculptor, it is still difficult to interpret the [Y/Fe] ratios because it is not clear whether [Y/Fe] shows a large scatter or a downward trend with metallicity. If the former, then this suggests multiple sites for the production of yttrium (and not strongly linked to the rise of the s-process as seen in barium). If the latter, then the yttrium production appears to be closely linked with the r-process site that produces europium.
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Conclusions
We present results from our analysis of FLAMES spectroscopic observations of red giant branch stars in the Sculptor dwarf galaxy. While the [α/Fe] ratios decrease with metallicity as expected (given Sculptor's star formation history), we find that [Eu/Fe] also appears to decrease smoothly. This is interpreted as the r-process site for Eu being linked to the site of α-element production. We see a rise in the [Ba/Fe] ratios indicative 518 K. A. Venn & V. Hill of barium production by the main s-process in AGB stars, which had not been clearly seen before in Sculptor. It is not clear whether [Y/Fe] is decreasing (like [Eu/Fe], thus primarily r-process production) or whether [Y/Fe] shows a large scatter suggestive of multiple nucleosynthetic sites. As we finalize our analysis of the chemical composition of these old, metal-poor stars, then we expect to provide new constraints for fundamental tests of stellar nucleosynthesis.
Our preliminary results show that most of the stars in the Sculptor dwarf galaxy do not have similar chemical abundance ratios to stars in the Galaxy. This is unlike the predictions from hierarchical galaxy formation models, unless Sculptor (and its old stars) is not typical of the dwarf galaxies that merged to form the Milky Way. 
